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Abstract
The µνSSM, one of supersymmetric extensions beyond the Standard Model, introduces three
singlet right-handed neutrino superfields to solve the µ problem and can generate three tiny Majo-
rana neutrino masses through the seesaw mechanism. In this work, we investigate the rare decay
process B¯ → Xsγ in the µνSSM, under a minimal flavor violating assumption for the soft break-
ing terms. Constrained by the SM-like Higgs with mass around 125 GeV, the numerical results
show that the new physics can fit the experimental data for B¯ → Xsγ and further constrain the
parameter space.
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I. INTRODUCTION
The rare decay B¯ → Xsγ is one of the most promising windows to detect the new physics
(NP) beyond the Standard Model (SM), since the theoretical evaluation on the decay width
of the channel is induced by loop diagrams which are sensitive to the new fields coupled to
bottom quark. The current combined experimental data for the branching ratio of B¯ → Xsγ
measured by CLEO [1], BELLE [2, 3] and BABAR [4–7] give [8]
Br(B¯ → Xsγ) = (3.37± 0.23)× 10−4. (1)
Up to the next-next-to-leading order (NNLO), the theoretical prediction of Br(B¯ → Xsγ)
in the SM reads [9–14]
Br(B¯ → Xsγ) = (3.15± 0.23)× 10−4, (2)
which coincides with the experimental result very well.
As a supersymmetric extension of the SM, the µ from ν Supersymmetric Standard Model
(µνSSM) [15–17] solves the µ problem [18] of the Minimal Supersymmetric Standard Model
(MSSM) [19–21] through the lepton number breaking couplings between the right-handed
neutrino superfields and the Higgses ǫabλiνˆ
c
i Hˆ
a
d Hˆ
b
u in the superpotential. The µ term is gen-
erated spontaneously through right-handed neutrino superfields vacuum expectation values
(VEVs), µ = λi 〈ν˜ci 〉, once the electroweak symmetry is broken (EWSB). In this paper, we
analyze the flavor changing neutral current (FCNC) process B¯ → Xsγ within the frame-
work of the µνSSM under a minimal flavor violating version for the soft breaking terms,
constrained by the SM-like Higgs with mass around 125 GeV.
This paper has the following structure. In Section II, we present the µνSSM briefly,
including its superpotential and the general soft SUSY-breaking terms. Section III contains
the effective Lagrangian method and our notations. Then we get the Wilson coefficients of
the process B¯ → Xsγ. In Section IV, we give the numerical analysis, under some assumptions
and constraints on parameter space. The conclusion is given in Section V. Some formulae
are collected in Appendixes A–B.
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II. THE µνSSM
Besides the superfields of the MSSM, the µνSSM introduces three exotic right-handed
neutrino superfields νˆci , (i = 1, 2, 3), which have nonzero VEVs. The corresponding
superpotential of the µνSSM is given by [15]
W = ǫab(YuijHˆ
b
uQˆ
a
i uˆ
c
j + YdijHˆ
a
d Qˆ
b
i dˆ
c
j + YeijHˆ
a
d Lˆ
b
i eˆ
c
j
+YνijHˆ
b
uLˆ
a
i νˆ
c
j )− ǫabλiνˆci Hˆad Hˆbu +
1
3
κijkνˆ
c
i νˆ
c
j νˆ
c
k , (3)
where HˆTd =
(
Hˆ0d , Hˆ
−
d
)
, HˆTu =
(
Hˆ+u , Hˆ
0
u
)
, QˆTi =
(
uˆi, dˆi
)
, LˆTi =
(
νˆi, eˆi
)
are SU(2) doublet
superfields. dˆcj, uˆ
c
j and eˆ
c
j represent the singlet down-type quark, up-type quark and lepton
superfields, respectively. Additionally, Y , λ and κ are dimensionless matrices, a vector and
a totally symmetric tensor. a, b = 1, 2 are SU(2) indices and i, j, k = 1, 2, 3 are generation
indices. In the Eq. (3), the first three terms are the same as those of the MSSM. Once
the electroweak symmetry is broken (EWSB), the next two terms can generate the effective
bilinear terms ǫabεiHˆ
b
uLˆ
a
i and ǫabµHˆ
a
d Hˆ
b
u, with εi = Yνij
〈
ν˜cj
〉
and µ = λi 〈ν˜ci 〉. The last
two terms explicitly violate lepton number and R-parity, and the last term can generate
the effective Majorana masses for neutrinos at the electroweak scale. In this paper, the
summation convention is implied on repeated indices.
In the µνSSM, the general soft SUSY-breaking terms are given as
−Lsoft = m2Q˜ijQ˜a∗i Q˜aj +m2u˜cij u˜
c∗
i u˜
c
j +m
2
d˜c
ij
d˜c∗i d˜
c
j +m
2
L˜ij
L˜a∗i L˜
a
j
+m2e˜c
ij
e˜c∗i e˜
c
j +m
2
Hd
Ha∗d H
a
d +m
2
HuH
a∗
u H
a
u +m
2
ν˜c
ij
ν˜c∗i ν˜
c
j
+ ǫab
[
(AuYu)ijH
b
uQ˜
a
i u˜
c
j + (AdYd)ijH
a
d Q˜
b
i d˜
c
j + (AeYe)ijH
a
d L˜
b
i e˜
c
j +H.c.
]
+
[
ǫab(AνYν)ijH
b
uL˜
a
i ν˜
c
j − ǫab(Aλλ)iν˜ciHadHbu +
1
3
(Aκκ)ijkν˜
c
i ν˜
c
j ν˜
c
k +H.c.
]
− 1
2
(
M3λ˜3λ˜3 +M2λ˜2λ˜2 +M1λ˜1λ˜1 +H.c.
)
. (4)
Here, the front two lines contain mass-squared terms of squarks, sleptons and Higgses. The
next two lines include the trilinear scalar couplings. In the last line, M3, M2 and M1
denote Majorana masses corresponding to gauginos λˆ3, λˆ2 and λˆ1, respectively. In addition
to the terms from Lsoft, the tree-level scalar potential receives the usual D and F term
contributions [16].
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Once the electroweak symmetry is spontaneously broken, the neutral scalars develop in
general the VEVs:
〈H0d〉 = υd, 〈H0u〉 = υu, 〈ν˜i〉 = υνi, 〈ν˜ci 〉 = υνci . (5)
One can define the neutral scalars as
H0d =
hd + iPd√
2
+ υd, ν˜i =
(ν˜i)
ℜ + i(ν˜i)
ℑ
√
2
+ υνi,
H0u =
hu + iPu√
2
+ υu, ν˜
c
i =
(ν˜ci )
ℜ + i(ν˜ci )
ℑ
√
2
+ υνc
i
, (6)
and
tanβ =
υu√
υ2d + υνiυνi
. (7)
The 8 × 8 charged scalar mass matrix M2S± contains the massless unphysical Goldstone
bosons G±, which can be written as [22–25]
G± =
1√
υ2d + υ
2
u + υνiυνi
(
υdH
±
d − υuH±u − υνi e˜±Li
)
. (8)
In the unitary gauge, the Goldstone bosons G± are eaten by W -boson, and disappear from
the Lagrangian. Then the mass squared of W -boson is
m2W =
e2
2s2
W
(
υ2u + υ
2
d + υνiυνi
)
, (9)
where e is the electromagnetic coupling constant and s
W
= sin θ
W
with θ
W
is the Weinberg
angle.
III. RARE DECAY B¯ → Xsγ
The effective Hamilton for rare decay B¯ → Xsγ at scales µb = O(mb) is written as [26–31]
Heff = −4GF√
2
V ∗tsVtb
∑
i
Ci(µ)Oi, (10)
with GF denoting the Fermi constant and Vij denoting the quark mixing matrix elements.
The Wilson coefficients Ci(µ) play the role of coupling constants at the effective operators
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Oi. The definitions of those dimension six effective operators are
O1 = s¯iγµPLcj c¯jγµPLbi,
O2 = s¯iγµPLcic¯jγµPLbj ,
O3 = s¯iγµPLbi
∑
q
q¯jγµPLqj ,
O4 = s¯iγµPLbj
∑
q
q¯jγµPLqi,
O5 = s¯iγµPLbi
∑
q
q¯jγµPRqj ,
O6 = s¯iγµPLbj
∑
q
q¯jγµPRqi, (11)
where PL,R = (1 ∓ γ5)/2, O1,2 are the current-current operators and O3,...,6 are the QCD
penguin operators. In addition, O7, 8 and O˜7, 8 are the magnetic and chromomagnetic dipole
moment operators, which are defined through
O7 =
e
16π2
s¯F · σmbPRb,
O˜7 =
e
16π2
s¯F · σmbPLb,
O8 =
gs
16π2
s¯G · σmbPRb,
O˜8 =
gs
16π2
s¯G · σmbPLb, (12)
where Fµν and Gµν = G
a
µνT
a are the electromagnetic and strong field strength tensors,
T a(a = 1, . . . , 8) are SU(3)c generators, and gs represents the strong coupling respectively.
Compared with the SM, the Feynman diagrams contributing to the process B¯ → Xsγ
from exotic fields in the µνSSM are drawn in Fig. 1, where S−α (α = 2, . . . , 8) denote charged
scalars, U+I (I = 1, . . . , 6) denote up-type squarks, ui (i = 1, 2, 3) denote three generation of
up-type quarks and χβ (β = 1, . . . , 5) denote charged fermions.
We could write the Wilson coefficients of the process b→ sγ from the Feynman diagrams
in Fig. 1 at the electroweak scale µEW as follow:
CNP7 (µEW ) = C
NP
7γ (µEW ) + C˜
NP
7γ (µEW ), (13)
where the new physics contributions read
C˜NP7γ (µEW ) = C˜
NP
7γa (µEW ) + C˜
NP
7γb (µEW ) + C˜
NP
7γc (µEW ) + C˜
NP
7γd (µEW ), (14)
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FIG. 1: The Feynman diagrams contributing to B¯ → Xsγ from exotic fields in the µνSSM,
compared with the SM.
C˜NP7γa (µEW ) =
∑
ui,S
−
α
s2
W
2e2V ∗tsVtb
{1
2
CS
−
α s¯ui
R C
S−α b¯ui∗
R
[
− I3(xui , xS−α ) + I4(xui , xS−α )
]
+
mui
mb
CS
−
α s¯ui
L C
S−α b¯ui∗
R
[
− I1(xui , xS−α ) + I3(xui , xS−α )
]}
, (15)
C˜NP7γb (µEW ) =
∑
ui,S
−
α
s2
W
3e2V ∗tsVtb
{1
2
CS
−
α s¯ui
R C
S−α b¯ui∗
R
[
− I1(xui , xS−α ) + 2I3(xui , xS−α )
−I4(xui , xS−α )
]
+
mui
mb
CS
−
α s¯ui
L C
S−α b¯ui∗
R
[
I1(xui , xS−α )− I2(xui , xS−α )
−I3(xui , xS−α )
]}
, (16)
C˜NP7γc (µEW ) =
∑
χβ ,U
+
I
s2
W
3e2V ∗tsVtb
{1
2
C
U+
I
s¯χβ
R C
U+
I
b¯χβ∗
R
[
I3(xχβ , xU+
I
)− I4(xχβ , xU+
I
)
]
+
mχβ
mb
C
U+
I
s¯χβ
L C
U+
I
b¯χβ∗
R
[
I1(xχβ , xU+
I
)− I3(xχβ , xU+
I
)
]}
, (17)
C˜NP7γd (µEW ) =
∑
χβ ,U
+
I
s2
W
2e2V ∗tsVtb
{1
2
C
U+
I
s¯χβ
R C
U+
I
b¯χβ∗
R
[
− I1(xχβ , xU+
I
) + 2I3(xχβ , xU+
I
)
−I4(xχβ , xU+
I
)
]
+
mχβ
mb
C
U+
I
s¯χβ
L C
U+
I
b¯χβ∗
R
[
I1(xχβ , xU+
I
)− I2(xχβ , xU+
I
)
−I3(xχβ , xU+
I
)
]}
, (18)
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CNP7γ (µEW ) = C˜
NP
7γ (µEW )
∣∣∣ L↔R. (19)
Here the concrete expressions for coupling coefficients CL,R and form factors Ii (i = 1, . . . , 4)
can be found in Appendixes A–B. Additionally, x = m2/m2W , where m is the mass for the
corresponding particle and mW is the mass for the W -boson.
The Feynman diagrams of the process b→ sg from exotic fields in the µνSSM compared
with the SM are shown in Fig. 1(b) and Fig. 1(c). Similarly, the Wilson coefficients of the
process b→ sg at electroweak scale are
CNP8 (µEW ) = C
NP
8g (µEW ) + C˜
NP
8g (µEW ), (20)
C˜NP8g (µEW ) =
[
C˜NP7γb (µEW ) + C˜
NP
7γc (µEW )
]
/Qu, (21)
CNP8g (µEW ) = C˜
NP
8g (µEW )
∣∣∣ L↔R, (22)
where Qu = 2/3.
In the µνSSM, the expression for the branching ratio of B¯ → Xsγ is given as follow
Br(B¯ → Xsγ) = R
(
|C7γ(µb)|2 +N(Eγ)
)
, (23)
where the overall factor R = 2.47 × 10−3, and the nonperturbative contribution N(Eγ) =
(3.6± 0.6)× 10−3 [30]. C7γ(µb) is defined by
C7γ(µb) = C
SM
7γ (µb) + C
NP
7 (µb). (24)
where we choose the hadron scale µb = 2.5 GeV and use the SM contribution at NNLO level
CSM7γ (µb) = −0.3523 [30–33]. The Wilson coefficients for new physics at the bottom quark
scale can be written as [34, 35]
CNP7 (µb) ≈ 0.5696CNP7 (µEW ) + 0.1107CNP8 (µEW ). (25)
IV. NUMERICAL ANALYSIS
There are many free parameters in the SUSY extensions of the SM. In order to obtain a
more transparent numerical results, we adopt the minimal flavor violating (MFV) assump-
tion for some parameters in the µνSSM, which assumes
λi = λ, κijk = κδijδjk, (Aκκ)ijk = Aκκδijδjk,
7
(Aλλ)i = Aλλ, Yνij = Yνiδij , Yeij = Yeiδij ,
υνc
i
= υνc, (AνYν)ij = aνiδij , (AeYe)ij = AeYeiδij ,
m2L˜ij = m
2
L˜δij, m
2
ν˜c
ij
= m2ν˜c
i
δij , m
2
e˜c
ij
= m2e˜cδij,
m2Q˜ij = m
2
Q˜i
δij , m
2
u˜c
ij
= m2u˜c
i
δij, m
2
d˜c
ij
= m2
d˜c
i
δij , (26)
and one can assume
(AuYu)ij = AuiYuij , Yuij = YuiV
u
Lij
,
(AdYd)ij = AdiYdij , Ydij = YdiV
d
Lij
, (27)
where V = V uL V
d†
L denotes the CKM matrix [36]. Restrained by the quark and lepton
masses, we could have
Yui ≃
mui
υu
, Ydi ≃
mdi
υd
, Yei =
mli
υd
, (28)
where mui , mdi and mli are the up-quark, down-quark and charged lepton masses, respec-
tively, and we choose the values from Ref. [36].
At the EW scale, the soft massesm2
H˜d
, m2
H˜u
andm2ν˜c
i
can be derived from the minimization
conditions of the tree-level neutral scalar potential, which are given in Refs. [16, 22]. Ignoring
the terms of the second order in Yν and assuming (υ
2
νi
+ υ2d − υ2u) ≈ (υ2d − υ2u), one can
solve the minimization conditions of the tree-level neutral scalar potential with respect to
υνi (i = 1, 2, 3) as [37]
υνi =
λυd(υ
2
u + υ
2
νc)− κυuυ2νc
m2
L˜
+ G
2
4
(υ2d − υ2u)
Yνi −
υuυνc
m2
L˜
+ G
2
4
(υ2d − υ2u)
aνi, (29)
where G2 = g21 + g
2
2 and g1cW = g2sW = e.
In the µνSSM, the sneutrino sector may appear the tachyons. The masses squared of the
tachyons are negative. So, we need analyse the masses of the sneutrinos. The masses of left-
handed sneutrinos are basically determined bymL˜, and the three right-handed sneutrinos are
essentially degenerated. The CP-even and CP-odd right-handed sneutrino masses squared
can be approximately written as [25]
m2S5+i ≈ (Aκ + 4κυνc)κυνc + Aλλυdυu/υνc − 2λ2(υ2d + υ2u), (30)
m2P5+i ≈ −3Aκκυνc + (Aλ/υνc + 4κ)λυdυu − 2λ2(υ2d + υ2u). (31)
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Here, the main contribution for the mass squared is the first term as κ is large, in the limit
of υνc ≫ υu,d. Therefore, we could use the approximate relation
− 4κυνc <∼ Aκ <∼ 0, (32)
to avoid the tachyons.
Before calculation, the constraints on the parameters of the µνSSM from neutrino ex-
periments should be considered at first. Three flavor neutrinos νe,µ,τ could mix into three
massive neutrinos ν1,2,3 during their flight, and the mixings are described by the Pontecorvo-
Maki-Nakagawa-Sakata unitary matrix U
PMNS
[38, 39]. The experimental observations of
the parameters in U
PMNS
for the normal mass hierarchy show that [40]
sin2 θ12 = 0.302
+0.013
−0.012, ∆m
2
21 = 7.50
+0.18
−0.19 × 10−5eV2,
sin2 θ23 = 0.413
+0.037
−0.025, ∆m
2
31 = 2.473
+0.070
−0.067 × 10−3eV2,
sin2 θ13 = 0.0227
+0.0023
−0.0024. (33)
In the µνSSM, the three neutrino masses are obtained through a TeV scale seesaw mech-
anism [15, 37, 41–45]. Assumed that the charged lepton mass matrix in the flavor basis is
in the diagonal form, we parameterize the unitary matrix which diagonalizes the effective
light neutrino mass matrix meff (see Ref. [22]) as [46, 47]
Uν =


c12c13 s12c13 s13e
−iδ
−s12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ s23c13
s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13


× diag(1, eiα212 , eiα312 ) , (34)
where c
ij
= cos θij , sij = sin θij . In our calculation, the values of θij are obtained from the
experimental data in Eq. (33), and all CP violating phases δ, α21 and α31 are set to zero.
Uν diagonalizes meff in the following way:
UTν m
T
effmeffUν = diag(m
2
ν1, m
2
ν2, m
2
ν3). (35)
For the neutrino mass spectrum, we assume it to be normal hierarchical, i.e., mν1<mν2<mν3,
and we choose the neutrino mass mν1 = 10
−2 eV as input in our numerical analysis, consid-
ered that the tiny neutrino masses basically don’t affect Br(B¯ → Xsγ) in the following and
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limited on neutrino masses from neutrinoless double-β decay [48] and cosmology [49]. The
other two neutrino masses mν2,3 can be obtained through the experimental data on the differ-
ences of neutrino mass squared in Eq. (33). Then, we can numerically derive Yνi ∼ O(10−7)
and aνi ∼ O(−10−4GeV) from Eq. (35). Accordingly, υνi ∼ O(10−4GeV) through Eq. (29).
Due to υνi ≪ υu,d, we can have
tanβ ≃ υu
υd
. (36)
Recently, a neutral Higgs with mass around 125 GeV reported by ATLAS [50] and
CMS [51] also contributes a strict constraint on relevant parameter space of the model.
The global fit to the ATLAS and CMS Higgs data gives [52]:
mh = 125.7± 0.4 GeV. (37)
Due to the introduction of some new couplings in the superpotential, the SM-like Higgs
mass in the µνSSM gets additional contribution at tree-level [16]. For moderate tanβ and
large mass of the pseudoscalar MA, the SM-like Higgs mass in the µνSSM is approximately
given by
m2h ≃ m2Z cos2 2β +
6λ2s2
W
c2
W
e2
m2Z sin
2 2β +△m2h. (38)
Compared with the MSSM, the µνSSM gets an additional term
6λ2s2
W
c2
W
e2
m2Z sin
2 2β. There-
fore, the SM-like Higgs in the µνSSM can easily account for the mass around 125GeV,
especially for small tan β. Including two-loop leading-log effects, the main radiative correc-
tions can be given by [53–55]
△m2h =
3m4t
4π2υ2
[
(t+
1
2
X˜t) +
1
16π2
(
3m2t
2υ2
− 32πα3)(t2 + X˜tt)
]
, (39)
with
t = log
M2S
m2t
, X˜t =
2A˜2t
M2S
(
1− A˜
2
t
12M2S
)
, (40)
where υ = 174 GeV, MS =
√
mt˜1mt˜2 with mt˜1,2 being the stop masses, α3 is the strong
coupling constant, A˜t = At− µ cotβ with At denoting the trilinear Higgs-stop coupling and
µ = 3λυνc being the Higgsino mass parameter.
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Through the analysis of the parameter space in Ref. [16], we could choose the reasonable
values for some parameters as κ = 0.4, λ = 0.2, υνc = 1 TeV and mL˜ = me˜c = Ae = 1 TeV
for simplicity in the following numerical calculation. Through Eq. (32), we could choose
Aκ = −300 GeV to avoid the tachyons. For the Majorana masses of the gauginos, we will
imply the approximate GUT relation M1 =
α2
1
α2
2
M2 ≈ 0.5M2 and M3 = α
2
3
α2
2
M2 ≈ 2.7M2. The
gluino mass, mg˜ ≈M3, is larger than about 1.2 TeV from the ATLAS and CMS experimental
data [56–59]. So, we conservatively choose M2 = 1 TeV. The first two generations of
squarks are strongly constrained by direct searches at the LHC [60, 61]. Therefore, we take
mQ˜1,2 = mu˜c1,2 = md˜c1,2
= 2 TeV. The third generation squark masses are not constrained by
the LHC as strongly as the first two generations, and affect the SM-like Higgs mass. So, we
could adopt mQ˜3 = mu˜c3 = md˜c3
= 1 TeV. When the masses of squarks are TeV scale, the
contributions to Br(B¯ → Xsγ) of squarks become small, so we could reasonably use the above
choice in the following calculation. For simplicity, we also choose Ad1,2,3 = Au1,2 = 1 TeV.
As a key parameter, Au3 = At affects the following numerical calculation. In the limit of
υνc ≫ υu,d [62], the charged Higgs mass squared M2H± in the µνSSM can be formulated as
M2H± ≃M2A + (1−
6s2
W
λ2
e2
)m2W , (41)
with the neutral pseudoscalar mass squared
M2A ≃
6λυνc(Aλ + κυνc)
sin 2β
. (42)
Considered that MH± also is a key parameter which affects the numerical results, we could
take MH± as input to constrain the parameter Aλ.
Similarly to the MSSM and NMSSM [63], the new physics contributions to the branching
ratio of B¯ → Xsγ in the µνSSM depend essentially on the charged Higgs mass MH±, tan β
and At. When MH± = 1.5 TeV, we plot Br(B¯ → Xsγ) versus At in Fig. 2(a), for tan β = 3
(dashed line) and tanβ = 10 (solid line). The dotted lines represent the experimental 1σ
bounds. The numerical results show that Br(B¯ → Xsγ) increases with increasing of At, and
the slope of evolution for Br(B¯ → Xsγ) is big as tanβ is large. In Fig. 2(a), Br(B¯ → Xsγ)
will be easily below the experimental 1σ lower bound, when At is negative. For positive At,
Br(B¯ → Xsγ) still can exceed the experimental 1σ upper bound, as tan β is large enough.
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FIG. 2: (a) Br(B¯ → Xsγ) versus At for tan β = 3 (dashed line) and tan β = 10 (solid line), when
MH± = 1.5 TeV. The dotted lines represent the experimental 1σ bounds. (b) The SM-like Higgs
mass mh versus At for tan β = 3 (dashed line) and tan β = 10 (solid line), where the gray area
denotes the experimental 3σ interval.
So the new physics can give the considerable contributions to Br(B¯ → Xsγ) for large tan β
and At.
We also need consider the constraint of the SM-like Higgs mass. So in Fig. 2(b), we plot
the SM-like Higgs mass mh versus At for tanβ = 3 (dashed line) and tan β = 10 (solid line),
where the gray area denotes the experimental 3σ interval. When tanβ = 3, we require that
At is about −2.65, −1.5, 1.9 or 3.05 TeV to keep the SM-like Higgs mass around 125 GeV.
For tanβ = 10, we need At to be about −3.0, −1.0, 1.1 or 3.13 TeV, keeping the SM-like
Higgs mass around 125 GeV.
In large MA limit, the charged Higgs mass, MH± ∼ MA ∼ MH , doesn’t affect the SM-
like Higgs mass. So, we could choose At = −3.0, −1.0, 1.1 or 3.13 TeV, for tanβ = 10,
to keep the SM-like Higgs mass around 125 GeV. Then, we draw Br(B¯ → Xsγ) versus
MH± in Fig. 3, for (a) At = 3.13 TeV, (b) At = 1.1 TeV, (c) At = −1.0 TeV and (d)
At = −3.0 TeV, respectively, when tan β = 10. The horizontal dotted lines represent
the experimental 1σ bounds. Here, we scan over the parameters υνc and M2 between 0.5
TeV and 1.5 TeV, which step is 0.05 TeV. For some MH± and At, when υνc and M2 are
small, Br(B¯ → Xsγ) become large. Because the chargino masses are dependent on υνc and
M2, which can give contributions to Br(B¯ → Xsγ) through chargino-squark loop diagrams
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FIG. 3: Br(B¯ → Xsγ) versus MH± for (a) At = 3.13 TeV, (b) At = 1.1 TeV, (c) At = −1.0 TeV
and (d) At = −3.0 TeV, respectively, when tan β = 10. Here, we scan over the parameters υνc and
M2 between 0.5 TeV and 1.5 TeV, which step is 0.05 TeV. The horizontal dotted lines represent
the experimental 1σ bounds.
in Fig. 1 (c) and (d). Due to constrain the heavy doublet-like Higgs mass MH ≥ 642
GeV [64, 65], we take the charged Higgs mass MH± >∼ 700 GeV. The numerical results
show that Br(B¯ → Xsγ) decreases along with increasing of MH± , because the contributions
from charged Higgs diagrams decay like 1/M4H± [63]. For small MH± , the new physics
could contribute with large corrections to the branching ratio of B¯ → Xsγ. In Fig. 3,
Br(B¯ → Xsγ) can exceed the experimental 1σ upper bound for small MH± , when At = 3.13
TeV. In addition, Br(B¯ → Xsγ) can be easily below the experimental 1σ lower bound for
At = −3.0 TeV, which is excluded by the experimental value at 1σ level.
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V. CONCLUSION
The flavour changing neutral current process B¯ → Xsγ offers high sensitivity to new
physics. In this work, we investigate the branching ratio of the rare decay B¯ → Xsγ in
the framework of µνSSM under a minimal flavor violating assumption. Similarly to the
MSSM and NMSSM, the new physics contributions to Br(B¯ → Xsγ) in the µνSSM depend
essentially on the charged Higgs mass MH± , tanβ and At, because the mixings between
charginos and charged leptons in the mass matrix of the µνSSM are suppressed, as well as
those between charged Higgses and charged sleptons. Under the constraint of the SM-like
Higgs with mass around 125 GeV, the numerical results show that the new physics can fit
the experimental data for the rare decay B¯ → Xsγ and further constrain the parameter
space. Besides B¯ → Xsγ, other b → s transitions e.g. ∆Ms, SJ/ψφ, Bs → µ+µ− also may
give some constraints on relevant parameter space in this model, we will investigate this
elsewhere in detail.
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Appendix A: The interaction Lagrangian
In the µνSSM, The corresponding interaction Lagrangian of the B¯ → Xsγ process is
written as
Lint =
[
S−α d¯i(C
S−α d¯iuj
L PL + C
S−α d¯iuj
R PR)uj
14
+ U+I d¯i(C
U+
I
d¯iχα
L PL + C
U+
I
d¯iχα
R PR)χα
]
+H.c., (A1)
with PL,R = (1∓ γ5)/2, and the coefficients are
C
S−α d¯iuj
L = YdiR
1α
S±V
∗
ji, (A2)
C
S−α d¯iuj
R = YujR
2α
S±V
∗
ji, (A3)
C
U+
I
d¯iχα
L = YdiZ
2α
− R
jI
u V
∗
ji, (A4)
C
U+
I
d¯iχα
R =
[
− e
s
W
Z1α∗+ R
jI
u + YujZ
2α∗
+ R
(3+j)I
u
]
V ∗ji, (A5)
where RS± , Ru and Z∓ can be found in Ref. [22], and Vji denote the quark mixing matrix
elements.
Appendix B: Form factors
Defining xi =
m2
i
m2
W
, we can have the form factors:
I1(x1, x2) =
1 + ln x2
(x2 − x1) +
x1 ln x1 − x2 ln x2
(x2 − x1)2
, (B1)
I2(x1, x2) = − 1 + ln x1
(x2 − x1) −
x1 ln x1 − x2 ln x2
(x2 − x1)2
, (B2)
I3(x1, x2) =
1
2
[3 + 2 lnx2
(x2 − x1) −
2x2 + 4x2 lnx2
(x2 − x1)2
− 2x
2
1 ln x1
(x2 − x1)3
+
2x22 ln x2
(x2 − x1)3
]
, (B3)
I4(x1, x2) =
1
6
[11 + 6 ln x2
(x2 − x1) −
15x2 + 18x2 ln x2
(x2 − x1)2
+
6x22 + 18x
2
2 lnx2
(x2 − x1)3
+
6x31 ln x1 − 6x32 ln x2
(x2 − x1)4
]
. (B4)
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